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FIELD OF THE INVENTION 

[001] The invention relates generally to the field of nucleic acid amplification, 
including detecting polynucleotide products from amplification reactions. The invention 
also relates to methods and kits for detecting nucleic acid sequences. 
BACKGROUND OF THE INVENTION 

[002] Nucleic acid analysis is important in many research and medical 
diagnostic fields. 

[003] Often analysis of amplified nucleic acid involves running the amplified 
product on gels to determine whether particular products have been amplified. 
Amplified products, such as those obtained from PGR reactions, are typically loaded 
and electrophoretically resolved on agarose or polyacrylamide gels. 

[004] Analysis after electrophoresis typically involves staining the gel with a 
fluorescent dye, such as ethidium bromide, which intercalates with double stranded 
DNA. The gel is then subjectively analyzed by a human, who must guess at relative 
band intensities and distances against a background fluorescence in the non-DNA 
portion of the rest of the gel. Such subjective analysis is often subject to human error, 
and increases the time required for analysis as the technician records the results of 
each reaction manually. 
SUMMARY OF THE INVENTION 

[005] According to certain embodiments of the invention, methods of 
determining the presence and sequence of at least one target polynucleotide in a 
sample are provided. Such methods comprise combining nucleic acid from the sample 
with at least one reaction composition comprising a fluorescent indicator and 
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amplification primers specific to the at least one target polynucleotide. The method 
further comprises amplifying the at least one target polynucleotide present in the at least 
one reaction composition using the amplification primers to obtain at least one 
amplification product. The at least one amplification product is irradiated such that the 
fluorescent indicator produces a fluorescent signal, wherein the intensity of the signal is 
related to the quantity of amplification product. The method further comprises 
monitoring the amplifying by detecting the fluorescent signal from the fluorescent 
indicator, and determining whether the at least one amplification product is present, if 
the at least one amplification product is present in the reaction composition, one then 
determines the sequence of the at least one amplification product. 

[006] In certain embodiments of the invention, methods of determining the 
presence and sequence of at least one target polynucleotide in a sample comprise 
combining nucleic acid from the sample with at least one set of reaction compositions 
comprising a first reaction composition and a second reaction composition, both specific 
for the at least one target polynucleotide. The first reaction composition comprises 
amplification primers specific to the at least one target polynucleotide, and the second 
reaction composition comprises a fluorescent indicator and amplification primers 
specific to the at least one target polynucleotide. The method further comprises 
amplifying the at least one target polynucleotide present in the reaction compositions 
using the amplification primers to obtain at least one amplification product. The at least 
one amplification product of the second reaction composition is irradiated such that the 
fluorescent indicator produces a fluorescent signal, wherein the intensity of the signal is 
related to the quantity of the at least one amplification product. The method further 



3 



comprises monitoring the amplifying of the second reaction composition by detecting 
the fluorescent signal from the fluorescent indicator, and determining whether the at 
least one amplification product is present in both the first reaction composition and 
second reaction composition from the intensity of signal from the fluorescent indicator in 
the second reaction composition. If the at least one amplification product is present in 
the first reaction composition, one then determines the sequence of the at least one 
amplification product from the amplification product of the first reaction composition, 

[007] In certain embodiments, nucleic acid from the sample is combined with 
at least two different separate reaction compositions, wherein each reaction 
composition comprises a fluorescent indicator and a different set of amplification 
primers specific to a different target polynucleotide. The amplifying results in different 
amplification products if the different target polynucleotides are present in the sample. 

[008] in certain embodiments, the presence of a given target polynucleotide 
indicates the presence of a specific allele. In certain embodiments, the presence of one 
or more alleles indicates one or more cell surface proteins which determine at least one 
HLA type. In certain embodiments, the at least one HLA type comprises at least one of, 
but is not limited to, HLA-A, HLA-B, HLA-C, HLA-E, HLA-F, HLA-G, HLA-DRA, HLA- 
DRB1, HLA-DRB2, HLA-DRB3, HLA-DRB4, HLA-DRB5, HLA-DQA1, HLA-DQB1, HLA- 
DPA1, HLA-DPB1, HLA-DOA, HLA-DOB, HLA-DMA, and HLA-DMB. 

[009] In certain embodiments, a kit for performing amplification and 
sequencing reactions on a sample is provided. According to certain embodiments, the 
kit comprises amplification primers designed for amplification of at least one target 
polynucleotide in a sample to obtain at least one amplification product, a fluorescent 



4 



indicator whose intensity is related to the amount of amplification product generated in 
an amplification reaction, and sequencing primers specific to the at least one 
amplification product. 
BRIEF DESCRIPTION OF THE FIGURES 

[010] The patent or application file contains at least one drawing executed in 
color. Copies of this patent or patent application publication with color drawings will be 
provided by the Office upon request and payment of the necessary fee. 

[011] Figure 1 shows a comparison of the results of amplification reactions 
analyzed by agarose gel electrophoresis and by the ABI Prism® 5700, an apparatus 
which is capable of thermal cycling, emitting a beam of light, and detecting fluorescence 
in a reaction sample. 

[012] Figure 2 shows the results of low resolution HLA-DRB typing using the 
ABI Prism® 5700. 

[013] Figure 3 shows the results of high resolution HLA-DRB typing using an 
ABI Prism 3100 genetic analyzer. 

[014] Figure 4 shows a complete analysis of high resolution HLA-DRB typing, 
showing which specific HLA-DRB alleles were present in the sample. 
DETAILED DESCRIPTION OF THE INVENTION 

[015] All documents cited in this application, including but not limited to 
patents, patent applications, articles, books, and treatises, are expressly incorporated 
by reference in their entirety for any purpose. 

Definitions 
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[016] The terms "polynucleotide" and "oligonucleotide" mean polymers of 
nucleotide monomers, including analogs of such polymers, including double and single 
stranded deoxyribonucleotides, ribonucleotides, a-anomeric forms thereof, and the like. 
Descriptions of how to synthesize oligonucleotides can be found, among other places, 
in U.S, Patent Nos. 4,373,071; 4,401,796; 4,415,732; 4,458,066; 4,500,707; 4,668,777; 
4,973,679; 5,047,524; 5,132,418; 5,153,319; and 5,262,530. Polynucleotides and 
oligonucleotides can be of any length. 

[017] "Amplification primers" are oligonucleotides that comprise sequences 
that are employed in an amplification reaction to amplify specific target polynucleotides. 
Amplification primers according to the present invention refer to oligonucleotides that 
are designed to hybridize with a portion of the target polynucleotide or amplification 
products in a sequence-specific manner, and serve as primers for amplification 
reactions. 

[018] The criteria for designing sequence-specific primers are well known to 
persons of skill in the art. Detailed descriptions of primer design that provide for 
sequence-specific annealing can be found, among other places, in Diffenbach and 
Dveksler, PGR Primer, A Laboratory Manual, Cold Spring Harbor Press, 1995, and 
Kwok et al. (Nucl. Acid Res. 18:999-1005, 1990). The sequence-specific portions of the 
primers are of sufficient length to permit specific annealing to complementary 
sequences in ligation products and amplification products, as appropriate. 

[019] According to certain embodiments, primer sets according to the present 
invention comprise at least one first primer and at least one second primer. In certain 
embodiments, the first primer of a primer set is designed to hybridize with the 
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complement of the 5' primer-specific portion of a target sequence or an amplification 
product in a sequence-specific manner. In certain embodiments, the second primer in 
that primer set is designed to hybridize with a 3' primer-specific portion of the same 
target sequence or amplification product in a sequence-specific manner. 

[020] "Target polynucleotide" according to the invention comprises a 
polynucleotide as defined above. The term "target polynucleotide" according to the 
present invention more specifically comprises a specific nucleic acid sequence, the 
presence or absence or sequence of which is to be detected. The person of ordinary 
skill will appreciate that while the target polynucleotide is typically described as a single- 
stranded molecule, the opposing strand of a double-stranded molecule comprises a 
complementary sequence that may also be used as a target. 

[021] The target polynucleotide may be derived from any biological source, 
including, but not limited to, viruses, prokaryotes, protists, eukaryotes, plants, fungi, and 
animals. Samples of these sources may Include, but are not limited to, whole blood, a 
tissue biopsy, bone marrow, semen, sputum, urine, amniotic fluid, sperm, hair, skin, and 
cultured cells. In certain embodiments, presence of the target polynucleotide may be 
used to indicate the presence of a pathogen, a specific allele, a genetic disease, 
predisposition to a genetic disease, cell surface antigens, serotype, HLA type, TAP1 , 
TAP2, or MICA. 

[022] An "indicator molecule" is any molecule which can be used to determine 
the presence of amplification product during or after an amplification reaction. The 
skilled artisan will appreciate that many indicator molecules may be used in the present 
invention. For example, according to certain embodiments, indicator molecules include. 
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but are not limited to, fluorophores, radioisotopes, cliromogens, enzymes, antigens, 
heavy metals, dyes, magnetic probes, pilosphorescence groups, chemiluminescent 
groups, and electrochemical detection moieties. 

[023] A "fluorescent indicator" is any molecule or group of molecules designed 
to indicate the amount of amplification product by a fluorescent signal. In certain 
embodiments, such fluorescent indicators are "nucleic acid binding molecules" that bind 
or interact, e.g., through ionic bonds, hydrophobic interactions, orcovalent interactions 
with nucleic acid. Complex formation with the minor groove of double stranded DNA, 
nucleic acid hybridization, and intercalation are all non-limiting examples of nucleic acid 
binding for the purposes of this invention. In certain embodiments, such fluorescent 
indicators are molecules that interact with double stranded nucleic acid. In certain 
embodiments, fluorescent indicators may be "intercalating fluorescent dyes," which are 
molecules which exhibit enhanced fluorescence when they intercalate with double 
stranded nucleic acid. In certain embodiments, "minor groove binding fluorescent dyes" 
may bind to the minor groove of double stranded DNA. In certain embodiments, 
fluorescent dyes and other fluorescent molecules can be excited to fluoresce by specific 
wavelengths of light, and then fluoresce in another wavelength. According to certain 
embodiments, dyes may include, but are not limited to, acridine orange; ethidium 
bromide; thiazole orange; pico green; chromomycin A3; SYBR® Green I (see U.S. 
Patent 5,436,134); quinolinium, 4-[(3-methyl-2(3H)-benzoxazolylidene) methyl]-1-[3- 
(thmethylammonio) propyl]-, diiodide (YOPRO®); and quinolinium, 4-[(3-methyl-2(3H)- 
benzothiazolylidene) methyl]-1-[3-(trimethylammonio) propyl]-, diiodide (TOPRO®). 
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SYBR® Green 1, YOPRO®, and TOPRO® are available from Molecular Probes, Inc., 
Eugene, Oregon. 

[024] According to certain embodiments, the fluorescent indicators may be "5'- 
nuclease fluorescent indicators," which are fluorescent molecules attached to 
fluorescence quenching molecules by a short oligonucleotide. According to certain 
embodiments, the fluorescent indicator binds to the target molecule, but is broken by 
the 5' nuclease activity of the DNA polymerase when it is replaced by the newly 
polymerized strand during PGR, or some other strand displacement protocol. When the 
oligonucleotide portion is broken, the fluorescent molecule is no longer quenched by the 
quenching molecule, and emits a fluorescent signal. An example of such a 5'-nuclease 
fluorescent indicator system has been described in U.S. Patent No. 5,538,848, and is 
exemplified by the TaqMan^i^ molecule, which is part of the TaqMan™ assay system 
(available from Applied Biosystems). 

[025] According to certain embodiments, the fluorescent indicators may be 
"molecular beacons," which comprise a fluorescent molecule attached to a 
fluorescence-quenching molecules by an oligonucleotide. When bound to a 
polynucleotide as double stranded nucleic acid, the quenching molecule is spaced apart 
from the fluorescent molecule, and the fluorescent indicator may give a fluorescent 
signal. When the molecular beacon is single stranded, the oligonucleotide portion can 
bend flexibly, and the fluorescence-quenching molecule can quench the fluorescent 
molecule, reducing the amount of fluorescent signal. Such systems are described in 
U.S. Patent No. 5,723,591. 
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[026] "Amplification product" refers to nucleic acid products resulting from an 
amplification reaction. 

[027] "Reaction composition" refers to a composition used to amplify target 
polynucleotides. In certain embodiments, the reaction composition comprises 
amplification primers specific to a target polynucleotide. In certain embodiments, the 
reaction composition comprises amplification primers specific to a target polynucleotide 
and a fluorescent indicator, in certain embodiments, the reaction composition may also 
include, but is not limited to, enzymes, salts, reagents, and buffers used in an 
amplification reaction. 

[028] The term "sequencing primer" refers to an oligonucleotide primer which 
is used to initiate a sequencing reaction performed on a nucleic acid. 

Exemplary Embodiments 

[029] According to certain embodiments, the invention includes methods and 
kits that monitor the progress of nucleic acid amplification. In certain embodiments, the 
methods and kits can be used for genotyping and clinical diagnoses. The current 
invention eliminates a need to analyze amplification products by gel electrophoresis. 
According to certain embodiments, the invention will facilitate high throughput screening 
of genotyping samples by saving labor and time. Moreover, according to certain 
embodiments, the invention reduces subjective analysis of a human technician, which 
can be a source of error in the analysis. 

[030] Any type of amplification can be used for various embodiments of the 
invention. Exemplary amplification methods include, but are not limited to, PGR, the 



10 



ligase chain reaction (LCR), Q-beta replicase-based systems, NASBA, 3SR, and rolling 
circle replication. In certain embodinnents, PGR is the amplification method used. 

[031] Methods of optimizing amplification reactions are well known to those 
skilled in the art. For example, it is well known that PGR may be optimized by altering 
times and temperatures for annealing, polymerization, and denaturing, as well as 
changing the buffers, salts, and other reagents in the reaction composition. 
Optimization can also be affected by the design of the amplification primers used. For 
example, the length of the primers, as well as the G-G:A-T ratio can alter the efficiency 
of primer annealing, thus altering the amplification reaction. See James G. Wetmur, 
"Nucleic Acid Hybrids, Formation and Structure," in Molecular Biology and 
Biotechnology, pp.605-8, (Robert A, Meyers ed., 1995), 

[032] During amplification, an indicator molecule is included in the amplification 
reaction. According to certain embodiments, this molecule indicates the amount of 
double-stranded DNA in the reaction, and thus serves as a measure of the amount of 
amplification product produced. In certain embodiments, the indicator molecule is a 
fluorescent indicator. In certain embodiments, the fluorescent indicator is a nucleic acid 
binding molecule which binds with the DNA, resulting in a change in its fluorescent 
qualities. Exemplary dyes of this type include, but are not limited to, acridine orange, 
ethidium bromide, and SYBR® Green I (Molecular Probes, Inc.) (see U.S. Patent No. 
5,436,134). 

[033] In certain embodiments, the fluorescent indicator can be a fluorescing 
dye connected to a quenching molecule by a specific oligonucleotide. These include, 
but are not limited to, S'-nuclease fluorescent indicators and molecular beacons. 
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Examples of such systems are described, e.g., in U.S. Patent Nos. 5,538,848 and 
5,723,591. 

[034] In certain embodiments, the amount of fluorescent indicator that gives a 
fluorescent signal in response to an emitted light typically relates to the amount of 
double stranded nucleic acid produced in the amplification reaction. Thus, the amount 
of fluorescent signal is typically related to the amount of double stranded product 
created in the amplification reaction. In such embodiments, one can therefore measure 
the amount of amplification product by measuring the intensity of the fluorescent signal 
from the fluorescent indicator. According to certain embodiments, one can employ an 
internal standard to quantify the amplification product indicated by the fluorescent 
signal. 

[035] Devices have been developed that can perform a thermal cycling 
reaction with compositions containing a fluorescent indicator, emit a light beam of a 
specified wavelength, read the intensity of the fluorescent dye, and display the amount 
of amplification product after each cycle. Devices comprising a thermal cycler, light 
beam emitter, and a fluorescent signal detector, such as the ABI Prism® 5700, are 
available from Applied Biosystems, and have been described in U.S. Patent Nos. 
5,928,907; 6,015,674; and 6,174,670. 

[036] In certain embodiments, each of these functions may be performed by 
separate devices. For example, if one employs a Q-beta replicase reaction for 
amplification, the reaction may not take place in a thermal cycler, but could include a 
light beam emitted at a specific wavelength, detection of the fluorescent signal, and 
calculation and display of the amount of amplification product. 
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[037] In certain embodiments, combined thermal cycling and fluorescence 
detecting devices can be used for precise quantification of target polynucleotides in 
samples. In certain embodiments, fluorescent signals can be detected and displayed 
during or after each thermal cycle, thus permitting monitoring of amplification products 
as the reactions occur in "real time." In certain embodiments, one can use the amount 
of amplification product and number of amplification cycles to calculate how much of the 
target polynucleotide was in the sample prior to amplification. 

[038] According to certain embodiments, one could simply monitor the amount 
of amplification product after a predetermined number of cycles sufficient to indicate the 
presence of the target polynucleotide in the sample. One skilled in the art can easily 
determine, for any given sample type, primer sequence, and reaction condition, how 
many cycles are sufficient to determine the presence of a given target polynucleotide. 

[039] According to certain embodiments, the amplification products can be 
scored as positive or negative as soon as a given number of cycles is complete. There 
is no need to analyze the products by gel electrophoresis, since the fluorescent signal 
will indicate whether or not target polynucleotides have been amplified to provide 
amplification product. In certain embodiments, the results may be an endpoint in the 
analysis, or they may be used to determine which reaction products can be subjected to 
further analysis. In certain embodiments, the results may also be transmitted 
electronically directly to a database and tabulated. Thus, in certain embodiments, large 
numbers of samples may be processed and analyzed with less time and labor required. 

[040] In certain embodiments, the results of the amplification reaction are used 
to determine which of the amplification products to subject to sequencing reactions. In 
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certain embodiments, the sequencing reactions are tlien read by a sequencing 
apparatus to determine the sequence. According to certain embodiments, the 
sequencing apparatus is automatic. 

[041] In certain embodiments, one sequences the amplification product that is 
produced from the reaction composition that includes the fluorescent indicator. 

[042] In certain embodiments, one does not actually sequence the 
amplification product from the reaction composition that includes the fluorescent 
indicator. In certain such embodiments, one uses at least one set of reaction 
compositions. The at least one set comprises a first reaction composition and a second 
reaction composition, which both comprise primers specific for the same target 
polynucleotide. Nucleic acid from the sample Is combined with each set of reaction 
compositions. The reaction compositions are subjected to the same amplification 
reaction. The first reaction composition, which further comprises a fluorescent Indicator, 
Is used to determine if amplification product is present in both the first and second 
reaction compositions. If amplification product is present, amplification product from the 
second reaction composition is sequenced. 

[043] According to certain embodiments, different fluorescent indicators may 
distinguish between different target polynucleotides. A non-limiting example of such an 
indicator Is a 5'-nuclease fluorescent Indicator, such as the TaqMan™ molecule, 
wherein a fluorescent molecule is attached to a fluorescence-quenching molecule by an 
oligonucleotide. The oligonucleotide portion of the fluorescent indicator may bind to a 
specific target polynucleotide. Different 5'-nuclease fluorescent indicators, each 
fluorescing at different wavelengths, can distinguish between different amplification 
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products within the same amplification reaction. In certain embodiments, this method 
could be employed to determine which sequencing primers are to be used for 
sequencing the amplification product. 

[044] For example, one could use three different 5'-nuclease fluorescent 
indicator molecules that fluoresce at three different wavelengths and that are specific to 
three different target polynucleotides. After amplification, one can determine which 
specific target polynucleotides are present based on the wavelength of signal detected. 
That information can then be used in selecting specific sequencing primers to be used 
in a subsequent sequencing reaction. Thus, if only wavelength A is detected, one 
would know to use sequencing primers specific for the target polynucleotide associated 
with the specific 5'-nuclease fluorescent indicator molecule that fluoresces at 
wavelength A. 

[045] In certain embodiments, other methods of distinguishing between two 
different target sequences can be employed. In certain embodiments, two 
oligonucleotide probes which distinguish between sequences may be differentially 
cleaved, depending on the target polynucleotide present, to emit a fluorescent signal 
related to the amount of each target polynucleotide present. Such systems are 
described, e.g., in U.S. Patent Nos. 5,846,717; 5,985,557; 5,994,069; and 6,001,567; 
and exemplified by the Invader® Assay System, Third Wave Technologies, Inc. 

[046] In certain embodiments, the primers used in the amplification reaction 
are used to distinguish between groups of allele types, such as those within HLA class 
molecules, as a non-limiting example. For instance, in certain HLA-DRB typing 
embodiments, alleles can be divided into allele groups including, but not limited to. 
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DRB1 , DRB3, DRB4, and DRB5. Different amplification primers specific to each of 
these groups can be used to produce amplification products for alleles classified within 
each of these groups. In certain embodiments, first, one determines which groups are 
present by determining which amplification reactions contain amplification product. 
Then, those positively amplified products are sequenced to determine specifically which 
HLA-DRB alleles are present within each allele group in the sample. Several primers 
specific to alleles within HLA classes I and II have been described previously, e.g., in 
U.S. Patent No. 6,103,465. Commercially available products that include primers for 
HLA typing and other components for PGR amplification include the HLA-A, HLA-B, and 
HLA-DRB Sequencing-Based Typing Starter Kits, and HLA-DRB Reagent Kit with 
BigDye™ Tenninators (available from Applied Biosystems). 

[047] In certain embodiments, the amplification reactions may be used to 
distinguish between different classes, species, or strains of pathogens, such as 
infectious bacteria. After identifying the different class by a positive signal, the 
amplification product can be sequenced to further define what variety of pathogen is 

present in the sample. 

[048] Further, in certain embodiments, kits are provided which include 
amplification primers for analysis of polymorphic alleles, fluorescent indicators that can 
detect amplification products, and sequencing primers that can be used in sequencing 
reactions. In certain embodiments, the kits include sequence terminators for 
sequencing the reaction products. In certain embodiments, the kits may contain primers 
for analysis in distinguishing between a variety of different pathogens. In certain 
embodiments, the kits may contain primers for distinguishing between different allelic 
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genotypes. In certain embodiments, the sequence terminators are fluorescently 
labeled. In certain embodiments, the sequencing primers are fluorescently labeled. 

[049] The following example of HLA-DRB typing illustrates certain 
embodiments of the invention, and does not limit the scope of the invention in any way. 

Example 1 

Low Resolution HLA-DRB Tvping 

[050] Genomic DNA was purified using Qiagen's protocol "Isolation of 
Genomic DNA from Buccal Swabs" and Qiagen's DNeasy™ Kit (Cat. No. 69504, 
Qiagen, Inc.). After isolation, 40 pi of genomic DNA from human buccal swabs was 
added to 1 pi of AmpllTaq Gold® DNA Polymerase (Roche Molecular Systems, Inc.). 
To each well of an ABI Prism® 5700 Optical Plate, 2.5 pi of the DNA-enzyme mixture 
was added. Then, 10 pi of different HLA mix was added from Applied Biosystems HLA- 
DRB BigDye™ Terminator, Sequencing-Based Typing Kit (Part No. 4305026), to each 
well. Each HLA mix contained a different primer set, designed to amplify different allele 
groups of HLA-DRB. Also, 12.5 pi SYBR® Green PGR Master Mix (Part No. 4309155), 
was added to each well. The plate was then covered with an ABI Prism Optical Plate 
Adhesive Cover (Part No. 431 1 971 ). 

[051] The parameters for thermal cycling were as follows: 

95° 10 minutes 
96° 20 seconds 
65° 30 seconds 
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72° 30 seconds 

[052] The last three steps were repeated for 36 cycles. Thermal cycling was 
conducted on an ABI Prism® 5700 Sequence Detection System, using the operating 
protocols provided with the system. This apparatus was also used to calculate the 
dissociation curve of the amplified product using the operating protocols provided with 
the system. That dissociation curve was used to calculate the relative purity of the 
product. 

[053] The results of the low resolution typing are shown in Figures 1 and 2. 
Low resolution typing shows which HLA-DRB allele groups are present in a sample, but 
not which specific alleles are present within an allele group. Figure 1 shows a 
comparison of the results as analyzed by the ABI Prism® 5700, and standard 
electrophoresis on an agarose gel. Amplified product analyzed using the ABI Prism® 
5700 could directly be used in sequencing reactions, while the amplified product 
subjected to electrophoresis could not be further analyzed without an additional 
purification step. 

High Resolution HLA-DRB Typing 

[054] After determining which amplification reactions above contained positive 
amplification products, 2 |jl of PGR product was added to 6 pi diluent from Applied 
Biosystems HLA-DRB BigDye™ Terminator, Sequencing-Based Typing Kit (Part No. 
4305026). The diluted PGR product was then subjected to a sequencing reaction as 
follows. Eight pi of the forward sequencing mix from Applied Biosystems HLA-DRB 
BigDye™ Terminator, Sequencing-Based Typing Kit (Part No, 4305026), was added to 
2 pi of the diluted positive PGR product. Separately, 8 pi of the reverse sequencing mix 
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from Applied Biosystems HLA-DRB BigDye™ Terminator, Sequencing-Based Typing 
Kit (Part No. 4305026), was added to 2 pi of the diluted positive PGR product. 

[055] The parameters for the cycle sequencing reactions were as follows: 

96° 1 0 seconds 

96° 1 0 seconds 

50° 1 0 seconds 

60° 2 minutes 

[056] The last three steps were repeated for 20 cycles, then followed by a hold 
step at 4° C. Samples were then purified by a Centri-Sep™ spin column (Cat. No. CS- 
900, Princeton Separations, Inc.) and run on a ABI Prism® 3100 Genetic Analyzer using 
the protocol provided with that product. 

[057] A sample of the total results of the high resolution typing are shown in 
Figure 3. High resolution HLA-DRB typing shows not only which HLA-DRB allele 
groups are present in a sample, but also shows specific alleles within those groups. 
The sequenced reaction product that was subjected to the low resolution HLA-DRB 
typing, containing SYBR® Green I, was compared to a sequencing reaction product of 
the same sample and amplification product containing no SYBR® Green I. The results 
show no detectable adverse effect on the sequencing reaction by the fluorescent 
indicator. 

[058] Figure 4 shows the sequenced sample data analyzed by the Applied 
Biosystems MatchTools^^^ software to get a Preliminary Report, which shows which 
HLA-DRB allele groups were present in the sample. The data was then edited in 
Applied Biosystems MT Navigator software, which analyzed the nucleotide sequence 
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data from the ABI Prism® 3100 Genetic Analyzer, before being resubmitted to the 
Applied Biosystems MatchTools™ software for a Final Report (Figure 4). MatchTools 
and MT Navigator™ software are both available as accessories with the Applied 
Biosystems Starter HLA-DRB Sequencing Based Typing Kit (Part No. 4305026). The 
Final Report shows that this sample was an exact match to HLA-DRB alleles 11011, 
11011/1105, and 1105. Thus, the precise HLA-DRB alleles in the sample were HLA- 
DRB11011 and HLA-DRB1105. 
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